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 Rapid urbanization leads to many environmental problems in urban area, such as 
Urban Heat Island (UHI). The UHI affects the energy use for air conditioning as well as 
human comfort and health. Given this context, water body’s ability to regulate the 
microclimate and assist in cooling down the air show promise in UHI adaptation and 
mitigation strategies. Currently, although it is still limited, researchers have conducted 
numerous studies on the water body’s ability to ameliorate the urban microclimate. 
Generally, these studies shows that air temperature near bodies of water (e.g. lake, 
river and ponds) is found 1-5°C lower as compared to the adjacent built up area, 
particularly during the day. However, most of these studies provided less information on 
the factors influencing the cooling effects and on the consideration in designing an 
effective water bodies for better urban thermal environment. Thus, further research is 
needed to evaluate the effect of water bodies to its immediate surrounding within urban 
setting while finding the distinguish factors which may influence the cooling benefits. 
Given the background; the aim of the present study is to develop better understanding 
on the relationship between microclimate and water bodies within neighborhood scale 
using on site field measurement, outdoor scale-model and urban numerical modelling. 
In addition, the present study also investigates the influential factor affecting the 
cooling benefits and the pedestrian thermal comfort. The present thesis contains a 
summary of five chapters, as follows. 
Chapter 1 contains brief introduction, objectives, and methodologies used for the 
study. The present study will be organized around the following research objectives: (1) 
to clarify the cooling intensity of water bodies, which its particular properties and 
design impact the urban thermal environment; (2) to identify the relationship between 
the cooling effect of water bodies with other influential parameter, e.g. prevailing 
microclimate, water bodies physical properties, etc.; (3) to quantify the effectiveness of 
urban surface modification, particularly with water bodies, in ameliorating the warm 
urban residential area. Based on the given research objectives, an attempt is made to 
illustrate the extent of the cooling benefits related to water body by mean of actual field 
study, scale-model experimental study and parametric study with numerical modelling.  
Chapter 2 present an overview of theoretical background, which illustrates the 
available knowledge and relevant studies on the investigation of the thermal 
environment of an urban space and thermal sensation of pedestrian with special 
emphasis on the effect of water bodies. The existing literatures provide basic knowledge 
on the energy balance, thermal and wind flow characteristic of an urban canyon, 
alternative methodology for urban microclimate study and assessment of outdoor 
human comfort. In this chapter, identification of knowledge gap is also presented. 
Chapter 3 presents the findings of the field observation. A preliminary study with 
on-site real-world field measurement is conducted at nearby artificial pond and natural 
lake in Singapore, while the main study is conducted at a scale model, namely 
Comprehensive Outdoor Scale Model (COSMO), in Japan. As it is located outdoor and it 
is simpler than the real urban condition, the experimental study at COSMO has the 
advantages of observing various physical phenomena under real climate conditions and 
arranging comprehensive measurement on a relatively uniform area, thus the result is 
easier to interpret. In summary, the experimental study provide clear evidence of the 
effectiveness of water bodies as possible strategies that can be applied to minimize the 
negative effect of UHIs and enhance pedestrian thermal comfort. In agreement with the 
preliminary study conducted in actual urban environment, the findings of the 
experimental study clearly indicate that the presence of water ponds is able to reduce 
the air and radiant temperatures throughout the day. Furthermore, the mitigating 
capacity can be experienced beyond the water pond area. The experimental study also 
shows that ponds oriented parallel to the prevailing winds tend to have better ability to 
maintain lower radiant temperatures than other pond configuration. Thus, these 
configurations are more likely to achieve better pedestrian comfort. 
Chapter 4 shows the result from parametric study with numerical modelling. With 
the purpose to optimize the usage of water bodies and to find the distinguish factors 
which may affect the cooling benefits, a coupled Computation Fluid Dynamic (CFD) 
calculation and Surface Temperature calculation is used to estimate the influence of 
water bodies cooling effect on urban microclimate. The coupled numerical modelling has 
the advantages to allow large sample of urban water body’s configuration and various 
prevailing microclimates to be analyzed and compared. The accuracy, however, need to 
be evaluated and validated. Parametric study with 27 unique cases is simulated with 
the aim to evaluate the distinguish effect of different urban water pond configuration, 
prevailing wind condition and thermal capacity (water temperature) on urban thermal 
environment. In summary, the numerical study result further highlight the importance 
of proper water body’s arrangement and positioning. Relative to the prevailing wind, 
larger water pond surface area and spread out distribution tends to have better 
influence to broader area. 
Chapter 5 present the overall conclusion and includes numbers of design 
consideration for water bodies implementation as well as an evaluation of the coupled 
numerical study, CFD and surface temperature calculation, as prognosis tool for urban 
microclimate. In summary, the study presents the opportunity to create guidelines for 
future design developments, considering the following points. From chapter 1: (1) the 
introduction of urban water bodies must be carefully designed. Although the inclusion of 
larger water bodies will provide more cooling effect, it may also increase the pedestrian 
discomfort by increasing the humidity and (2) the orientation of bodies of water should 
be selected relative to prevailing winds to achieve effective distribution of cool air. While 
from chapter 4: (3) the placement and configuration of water bodies is important to 
optimize the cooling benefits, with equally distributed water bodies as preferable 
configuration. 
